engineering literature, but felt these were not relevant to the endpoints of morbidity or mortality and many could not be subject to scientific review.
Scientific Foundation

Restraint effectiveness
Three class II and 21 class III articles demonstrate reduction of injury and/or injury severity with restraint use in children. Two class II and 10 class III articles demonstrated reduction of mortality with automotive restraint use in children as compared to unrestrained children. The risks of injury follow a continuum, with unrestrained children faring worse in a crash than improperly restrained children faring worse than restrained. Unrestrained 0-4 year olds had relative risks (RR) of 4.4 for broken bones, 2.7 for concussions, 2.5 for open wounds and 2.5 for hospitalization (O-30) compared to restrained children. In children aged 2-5 years, premature graduation of children to seat belts had a RR for injury of 2.5 compared to those still in child safety seats. The RR was 4.2 for head injury in this study. The RR of injury was higher for 2-3 years olds (4.0) than 4-5 years olds (2.4) (O-40). In children age 4 and above, restrained children fared better than unrestrained (O-2). Compared to children in proper restraints, unrestrained children had 3 times the risk of injury. Inappropriate restraints also increased the risk of injury, doubling that risk compared to appropriate restraints (O-20) . One large retrospective study of 5751 children showed that among those children age 0-4, 27%
were unrestrained compared to 44% of children age 5-11 and 52% of children age 12-14. In the same study, overall figures showed that 38% of children were optimally restrained and 34% suboptimally restrained. Those with restraint devices were 2.7 times more likely © 2010 Eastern Association for the Surgery of Trauma 5 not to have a serious injury (O-10) . Another study of 600 children showed that ageappropriately restrained children had a significant reduction in severe injuries in every anatomic site except the back. This study also showed a reduction in solid and hollow visceral injuries as well as mortality with age-appropriate restraints (O-39).
Other studies corroborated this risk reduction for age-appropriate, optimal restraints with a three-fold decrease in significant intra-abdominal injury and a 28% reduction in mortality risk (O-21,29). Forward-facing restraint systems were found to reduce injury compared to seat belts in the 1-4 year age range (O-7,8) . Lap belts only are associated with increased spinal cord injury (O-25) . Facial fractures are also increased in inappropriately restrained and front seat children, RR 1.6 and 1.8, respectively (O-6).
Suboptimal restraint use has a RR of hollow viscus injury of 4.4 compared to appropriate restraint use (O-26). Improper use is cited in a class II article comparing restrained to unrestrained children, showing that restrained children were less injured than unrestrained. Serious injuries in this study resulted from improper use, using seat belts at an inappropriate age or unavoidable circumstances such as intrusion or being struck by non-stationary objects (O-1).
Belt-positioning booster seats reduce injury by 58 to 70% in children age [4] [5] [6] [7] [8] while mortality is also reduced by 61% (O-4,17) . Backless booster seats were found to be no different than seatbelts in risk (O-4). Only one class III article showed an increase in head and cervical spine injuries with restraint devices in children 0 to 8 years of age compared to those from 9-18 (O-41). Many have explained this predisposition by the anatomic differences in the developing pediatric C-spine. However, their evaluation was limited in that they could not determine if the restraints systems were used properly or 6 were appropriate to the weight and age of these younger children. Only one class III article addressed cost and showed a decrease in healthcare costs in Arizona with use of child passenger restraints (O-15). There were not enough articles to develop a recommendation on this topic.
Seven class III articles supported rear seat position for children 12 and under. Risk of injury and/or mortality in the front seat was 40% to 70% higher than the rear seat (O-6,9,10,11,14,22,36) . One article documented risk reductions for fatal injury with rear seat position of 41% from age 1-4, 30% from age 5-12, and 32% from age 13-18. The center rear seat was the safest with a 9-24% risk reduction for fatal injury compared to the outboard seats. Risk reductions applied to all but rear impact collisions. Restraints also reduced fatal injury risk in this study as well (O-11).
Seven studies (1 class II, 6 class III) showed increased injuries and mortality from airbags in children up to 12 years old (O-5, 9, 14,18,19,22,36) . One class II study showed as high as 84% mortality for unrestrained children and 31% mortality for restrained children with airbag deployment (O-22). This is even higher for restrained infants who are at 254% increased risk of dying in the front seat with an airbag compared those without airbag. This was the only study not to find increased mortality in children 9-12 from airbags. Two class III articles suggested that second-generation airbags may result in less injury than first-generation airbags (O-5,9) .
Legislation Effectiveness
Seven articles, three Class II, and four Class III, demonstrated increased (perceived or observed) compliance with child restraint use (L-1,2,4, [9] [10] [11] [12] . Four studies showed 7 decrease in injury (L-1,6-8) and three a decrease in mortality (L-4,7,8)with enactment of child restraint legislation. The magnitude of the decrease in injury and death ranged from 10% to 50%. Ages in the studies were not uniform and ranged from 0 to 15. Please note that these recommendations rose to Level 1 standards based on the preponderance of available literature, including well-done Class II data, that supports the age-appropriate use of child restraints and restraint systems as successful in the reduction of morbidity and mortality.
Recommendations
Level 2 Guidelines 1. Rear seat position reduces injury at all ages studied and is recommended especially for those less than or equal to 12 years of age.
2. Airbags can cause injury and/or death to children less than or equal to 12 years of age and thus seating position with exposure to airbags should be avoided in that age range. All infants should always ride rear-facing until they are at least 1 year of age and weigh at least 20 pounds.
Toddlers/Preschoolers Convertible seats
It is best to ride rear-facing as long as possible.
Children 1 year of age and at least 20 pounds can ride forward-facing.
School-aged children Booster seats
Booster seats are for older children who have outgrown their forward-facing car safety seats. Children should stay in a booster seat until adult belts fit correctly (usually when a child reaches about 4' 9" in height and is between 8 and 12 years of age).
Older children Seat belts
Children who have outgrown their booster seats should ride in a lap and shoulder belt in the back seat until 13 years of age.
First Author Year Reference
Class Conclusion
Do the conclusions seem justified? Agran PF 1985 Motor vehicle accident trauma and restraint usage patterns in children less than 4 years of age. Pediatrics. 76 (3):382-6.
II
Restrained children less injured than unrestrained and serious injuries in restrained children were from improper restraint use, using seat belts at an inappropriate age or unavoidable circumstances such as intrusion or being struck by a nonstationary object in the vehicle.
Yes
Agran PF
1992
Comparison of Motor Vehicle Occupant Injuries in Restrained and Unrestrained 4to 14-Year-Olds. Accid Anal Prev. 24(4), 349-355. III 1) Restrained children do better than unrestrained; 2) rear seat passengers do better than front seat; though no significant difference noted in 4to 9-year-olds in the front seat; 3) presumed to be a function of the 5th-percentile female limitation of (front) lap-shoulder belt design.
Yes, but study seems limited, especially given low ISS scores of population. 
III
Use of second generation airbags is associated with decreased injury vs. first generation for front seat child occupants in passenger cars, trend in minivans but not significant, and worse in SUVs.
Yes
Arbogast KB 2002
The role of restraint and seat position in pediatric facial fractures. J Trauma. 52(4):693-8. III 1) Unrestrained children have much higher rate of facial fracture; 2) Inappropriately restrained children had RR 1.6 higher for facial fracture than appropriately restrained; 3) Front seat had RR 1.8 v. rear seat.
Yes
Arbogast KB 2004
Evaluation of pediatric use patterns and performance of lap shoulder belt systems in the center rear. Annu Proc Assoc Adv Automot Med. 48:57-72.
III
Forward facing child restraint systems lower the risk of serious injury (78% reduction of risk) and hospitalization (79%) in the center rear. 
Children and infants should be restrained in the back seat.
Yes, see data points.
Caviness AC 2003
Pediatric restraint use is associated with reduced transports by emergency medical services providers after motor vehicle crashes. Prehospital Emerg Care. 7(4):448-52.
III
Children wearing safety restraint devices were 60% less likely to be transported by EMS than those who were not. 3% of all children involved in motor vehicle crashes are at risk of passenger air bag (PAB) injury. Children exposed to PAB were twice as likely to suffer serious injuries. Overall risk of any injury was higher for children exposed to PAB. 
Yes
III
Seat belts provide as good protection in children as they do in adults overall, and even more protection (percentage improvement b/w belted and unbelted) in front seat passengers. This did not address booster seats.
Yes
Johnston C 1994 Children in car crashes: analysis of data for injury and use of restraints. Pediatrics. 93(6 Pt 1):960-5.
II
Use of car seat would reduce injury by 60% for age 0-4 subset; lap-shoulder harness reduces injury 38% for ages 5-14.
Yes, however, conclusions were based on a statistical sampling technique 
Protective devices were underutilized in all three motor vehicle categories but, when used, were associated with significantly higher GCS scores, ISS, and shorter LOS among patients admitted after automobile accidents. The correlation of seat belt use with better outcomes underscores the necessity to improve motor vehicle safety education for children, who are less likely to be restrained as they age. 
Sweitzer RE 2002
Children in motor vehicle collisions: analysis of injury by restraint use and seat location. J Forensic Sci. 47(5):1049-54. III 1) For children 0-3 years, risk of mortality, head, and external injury was higher and statistically significant in no use vs. misuse vs. proper restraint (trend to higher abdominal injury in misuse but ns); 2) In 4-9 year old, same pattern AND misuse of restraint had a statistically significant increase in abdominal injury; 3) For all comers 0-3 year old (front and back seat) MAIS and ISS were lowest in properly restrained, but significance disappeared when split into either front or back seat; 4) For all comers 4-9 year old MAIS and ISS were lowest in properly restrained, significance remained when split up front/back.
Yes
Tingvall C 1987 Children in cars. Some aspects of the safety of children as car passengers in road traffic accidents. Acta Paediatrica Scandinavica -Suppl. 339:1-35.
II
Use of restraints effective, rear-facing most effective, head and neck most common from contact with side of car interior.
Yes, bit mixed adult restraints in some groups, not powered for difference between types of forward restraints.
Tyroch AH 2000
Pediatric restraint use in motor vehicle collisions: reduction of deaths without contribution to injury. Arch Surg. 135(10):1173-6.
III
Age-appropriate restraint devices decrease mortality and reduce the incidence of significant injury in MVCs for all anatomic sites in young children Yes, see data points.
Winston FK 2000
The danger of premature graduation to seat belts for young children. Pediatrics. 105 (6):1179-83.
III
Premature graduation of young children from CRS to seat belts puts them at greatly increased risk of injury in crashes. A major benefit of CRS is a reduction in head injuries.
Zuckerbraun BS 2004
Effect of age on cervical spine injuries in children after motor vehicle collisions: effectiveness of restraint devices. J Pediatr Surg. 39(3):483-6. II 27 pediatric MVC patients with cervical spine injuries were divided into young (0 to 8 years) and old (9 to 18) and compared. Young patients had an increased incidence of more severe injuries, permanent cord deficit, and closed head injury even when wearing restraint devices, suggesting inadequacy of current restraint devices.
Yes
